Abstract. Earthwork vehicle is the main construction vehicle that runs on the trestle bridge of excavation. The latest Load code for the design of building structures has not yet provided the equivalent vehicle loading on the trestle bridge panel in China. Considering the number of earthwork vehicles, the span and the thickness of the trestle bridge panel and other factors, the unfavorable distribution of wheels of earthwork vehicle had been analyzed. The equivalent uniformly distributed vehicle loading was obtained by means of the software ABAQUS. The results may be the references to the designers of the trestle bridge for excavation.
Introduction
During the excavation is constructed excavation, trestle bridge is often set up as the passage of the earthwork vehicle. The distribution of actual load is not continuous. In the design of structure, it is often considered as equivalent load. The latest Load Code for The Design of Building Structures (GB50009-2012) [1] in China (hereinafter referred to as Load Code) has not yet provided the equivalent load for earthwork vehicle on the trestle bridge panel. But it is an important problem in the design of the trestle bridge that how to determine the equivalent uniformly distributed live load in excavation.
This study focuses on one-way slab with span of 2~3m and two-way slab with span of 3~9m. According the principle of the most unfavorable distribution of loading to determine the location of the earthwork vehicle, the equivalent uniformly distributed vehicle loading was obtained by means of the software ABAQUS.
Earthwork Vehicle Specifications
In the analysis of the equivalent load, the mass of an empty vehicle is considered to be 19t and the mass of fully laden one is considered to be 50t [2] according to the on-site experience. Based on the description of the technical specifications of the vehicle load in Appendix Ⅲ of Load Handbook for The Design of Building Structures (Second Edition) [3] , in the analysis of the equivalent load, the size and track of earthwork vehicle can be considered as in Fig.1 . An earthwork vehicle has three rows of wheels. The first row is front axle and the other two rows are rear axles. The landing size of front wheel is 0.3m×0.2m, and the landing size of rear wheel is 0.6m×0.2m. The axle weight of earthwork vehicle can be seen in Fig.2 . 
Characteristics of Live Load for earthwork Vehicle Locality
The load for the earthwork vehicle is the local load caused by wheel pressure.
Mobility
The live load for earthwork vehicle is a moving load.
Impact
The impact of the start and brake needs to be considered when the truck runs.
Value of Equivalent Live Load for Earthwork Vehicle

Dynamic Coefficient
According to General Specifications for Design of Highway Bridges and Culverts (JTG D60-2015) [4] (hereinafter referred to as Specifications for Highway Bridges), the vehicle load should be multiplied by the impact factor. Based on Load Code, the dynamic coefficient of vehicle starting and braking can be 1.1~1.3. In general, the earthwork vehicle drives stable and slow on the trestle bridge. Considered the brakes, turbulence and other factors, the dynamic coefficient of the vertical load for earthwork vehicle is suggested to use 1.2 in this paper.
Combination Value Coefficient, Frequent Value Coefficient and Quasi Permanent Value Coefficient
In the explanation of provision of Lode Code, it is suggested that the combined coefficient value of live load other than wind load shall be used as 0.7. Therefore, the combined coefficient value of live load for earthwork vehicle could be used as 0.7.
Earthwork vehicles travel frequently on trestle bridge, but generally do not stay on trestle bridge for a long time. According to the value of frequent value coefficient and quasi permanent value coefficient of vehicles in Specifications for Highway Bridges, the frequent value coefficient of earthwork vehicle could be used as 0.7 and the quasi permanent value coefficient could be used as 0.4.
The Most Unfavorable Distribution of Wheel Pressure of Earthwork Vehicle
Considering that construction of excavation and the number of the earthwork vehicles can be controlled on site, it generally does not appear that 2 fully laden trucks run abreast on the trestle bridge. But it may happen that an empty truck and a fully laden one pass each other, so this situation should be considered in the analysis of the equivalent load. Therefore, in the following discussion of the most unfavorable distribution of wheel pressure, the situation of an empty truck with a fully laden one driving together and a fully laden truck running on the trestle bridge will be considered. For the sake of convenience, in the following section, 1 earthwork vehicle refer to the case of a fully laden truck running on the trestle bridge, and 2 earthwork vehicles refer to the case of an empty truck with a fully laden one driving together. 
Finite Element Calculation of Slab under Wheel Pressure of Earthwork Vehicle
In this paper, the shell element S4R of ABAQUS software is used to simulate the concrete slab. The element mesh size is 0.05m × 0.05m, and the Poisson's ratio is 0.2. According to the appendix C.0.2 of Code for structural design of heating pipelines in city and town (CJJ105-2005) [5] , the integral action of the structure could be considered in the calculation of the vertical pressure on the concrete structure. Therefore, the influence of the thickness of slab should be considered. Using the finite element software to calculate the maximum bending moment in the one-way slab and two-way slab with different thickness and different span, referring to the method to determine equivalent uniformly distributed load in appendix C of Lode Code, the equivalent load of concrete slab is determined according to the equivalent internal force. In this study, the equivalent uniformly distributed load is determined based on the equivalent of maximum bending moment. 108 kinds of unfavorable distribution of wheel pressure are analyzed for concrete slabs.
One-way Slab. By applying uniform distributed load q 1 on a simply supported one-way slab with span l, the maximum bending moment M 1 can be obtained. The equivalent load factor β=M 1 /q 1 l 2 [6] can be obtained. Then the maximum bending moment M max is calculated by using the finite element software. The equivalent load value q e is calculated by the following equation:
The unfavorable distribution of wheel pressure are analyzed for one-way slab with span of 2m, 3m and thickness of 200mm, 250mm, 300mm, 350mm, 400mm. Due to limited space, only the unfavorable distribution of wheel pressure for one-way slab with span of 3m and thickness of 200mm in the situation of 1 vehicle and 2 vehicles are listed in Fig.4 . The equivalent uniformly distributed load for earthwork vehicle on one-way is obtained and shown in Table 1 As is shown in the figure above, with the change in the thickness of the slab of 2m span, the equivalent load of 1 vehicle varies from 50.26 to 44.5kN/m Two-way Slab. The equivalent uniformly distributed load of two-way slab is determined according to the equivalent of internal force maximum bending moment on the supposition that the slab is simply supported on four sides. Applying uniform distributed load q 1 on two-way slab, M x and M y , the mid-span moment in X direction and Y direction, are calculated by the following equation:
where M x0 is the mid-span moment in X direction and M y is that in Y direction, when ν, the Poisson's ratio of concrete, is 0.
When the four-side simply supported two-way slab is square and the length is l, M x0 =M y0 . Thus the equation (2) is converted to:
Then the calculating coefficient β can be calculated by the following equation:
Then the maximum bending moment M max is calculated by using the finite element software. The equivalent load value q e [7] is calculated by the following equation:
In this paper, 78 kinds of unfavorable distribution of wheel pressure are analyzed for the slab with span of 3m×3m~9m×9m and thickness of 200~400mm. Due to limited space, only the unfavorable distribution of wheel pressure for two-way slab with span of 9m×9m and thickness of 200mm in the situation of 1 vehicle and 2 vehicles are listed in Fig.6 . The equivalent uniformly distributed load for earthwork vehicle on two-way slab is obtained and shown in Fig.7 . As is shown in the figure above, with the change in the thickness of the slab with span of 3m×3m, the equivalent load of 1 vehicle varies from 53.32 to 46.57kN/m 2 , the variation range being 12.7%.The equivalent load of 2 vehicles varies from 56.01~49.52kN/m 2 , the variation range being 11.6%. Therefore, on the slab with span of 3m×3m, 4m×4m, 7m×7m, and 9m×9m, the equivalent design load of 1 earthwork vehicle could be 54, 42, 24 and 18kN/m 2 respectively, and the equivalent design load of 1 earthwork vehicle could be 57, 43, 27 and 20kN/m 2 respectively. Taking into account the research results above and safety factors, the recommended value of the equivalent uniformly distributed load of the trestle bridge panel for the earthwork vehicle is shown in Table 2 . When the span of the slab is between the span given in the table, the equivalent load can be obtained by interpolation method. If the trestle bridge is not horizontal, the equivalent load can be regarded as the uniformly distributed load on the horizontal projection plane of the slab. 
Conclusions
(1)Taking into account the mobility and locality of the load for earthwork vehicle, the trestle bridge panel using one-way slab with span of 2~3m and the panel using two-way slab with span of 3~9m, the possible unfavorable distribution of wheel pressure of earthwork vehicle was analyzed using the finite element software ABAQUS and the equivalent uniformly distributed load of the trestle bridge panel o are calculated.
(2)There are not too much difference between the equivalent load when an empty truck and a fully laden one drive together and the load when a fully laden truck runs on the trestle bridge panel of a certain size and thickness.
(3)Due to the integral action of the concrete structure for trestle bridge panel under the wheel pressure, the equivalent uniformly distributed load for the earthwork vehicle varies with the change of thickness, but the variation range is not big.
(4)When the span of one-way slab increases from 2m to 3m, the equivalent uniformly distributed load for the earthwork vehicle on the trestle bridge panel decreases. The equivalent uniformly distributed load of the panel with span of 3~9m decreases gradually with the increase of the span.
